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may supervise clerks, prepare correspondence, draft reports, anRelated Occupations

conduct research. They may move from one company to anotheActuaries determine the probability of income or loss from various

early in their careers as they move up to higher positions. risk factors. Other workers whose jobs involve related skills in-
Advancement depends largely on job performance and the num<lude accountants, economists, financial analysts, mathematicians,

ber of actuarial examinations passed. Actuaries with a broadand statisticians.

knowledge of the insurance, pension, investment, or employee ben-

efits fields can advance to administrative and executive positions

in their companies. Actuaries with supervisory ability may ad-

vance to ma_nagement posmo_ns in other_areas, such as underwrit, American Academy of Actuaries, 1100 17th St. NW., 7th Floor, Wash-

ing, accounting, data processing, marketing, or advertising. S0MEngton, DC 20036. Internetttp: //www.actuary.or g/index.htm

actuaries assume faculty positions in the Nation's colleges and ~fFor information about actuarial careers in life and health insur-

universities. (See the statement on college and university facultyance, employee benefits and pensions, and finance and investments

Sour ces of Additional | nformation
or facts about actuarial careers, contact:

elsewhere in thélandbook) contact:
0 Society of Actuaries, 475 N. Martingale Rd., Suite 800, Schaumburg, IL
Job Outlook 60173-2226. Internehttp://www.soa.org

Employment of actuaries is expected to grow more slowly than the. For information about actuarial careers in property and casualty
average for all occupations through 2008. Although expected growthSUrance, contact:
g P 9 9 P 9 [0 Casualty Actuarial Society, 1100 N. Glebe Rd., Suite 600, Arlington,

in managed health plans in the health services industry should Prog/a 59001 Internethttp: fiwww.casact.org

Vid? _goqd prospects for actuaries, anticipateql downsizir_lg and merger Career information on actuaries specializing in pensions is avail-
activity in the insurance agent and broker industry will adversely able from:

affect the outlook for these workers. Prospective actuaries who Pasg; american Society of Pension Actuaries, 4350 N. Fairfax Dr., Suite 820,

several beginning actuarial exams will find relatively few job open- arjington, VA 22203. Internethttp://www.aspa.org

ings. The number of openings to replace those who leave the occu-

pation each year is limited and new openings are restricted by the

relatively small size of the occupation. |
Actuarial employment is projected to grow in property and Eomputer Systems An alysts,

casualty insurance as this sector experiences growth in terms o . ) .
employment and billing. Actuaries will continue to be involved ENQINEErsS, and Scientists

in the development of product liability insurance, medical mal-
practice, and workers’ compensation coverage. The developmenfO™NET 21114C, 22127, 25102, 25103A, 25104, and 25199A)
of new financial tools such as dynamic financial analysis has

increased the demand for property and casualty actuaries. The Significant Points

growing need to evaluate catastrophic risks such as earthquakeg Ag computer applications continue to expand, these

and calculate prices for insuring facilities against such risks is occupations are proiected to be the fastest arowing and
another source of increasing demand for property and casualty rank gmon the t% 120 in the number of nev% iobs 9
actuaries. Planning for the systematic financing of environmen- 9 P ]

tal risks, such as toxic waste clean-up, will further lift demand created over the 1998-2008 period.

for actuaries in this specialty. ® Relevant work experience and a bachelor’s degree are
Employment of consulting actuaries is expected to grow faster prerequisites for many jobs; for more complex jobs, a

than employment of actuaries among life insurance carriers—tradi- graduate degree is preferred.

tionally the leading employer of actuaries. As many life insurance
carriers seek to boost profitability by streamlining operations, actu-
arial employment may be cut back. Investment firms and large cor-
porations may increasingly turn to consultants to provide actuarial
services formerly performed in-house.

Nature of theWork
The rapid spread of computers and information technology has gen-
erated a need for highly trained workers to design and develop new
hardware and software systems and to incorporate new technolo-
gies. These workers—computer systems analysts, engineers, anc
Earnings scientists—include a wide range of computer-related occupations.
Median annual earnings of actuaries were $65,560 in 1998. TheJob tasks and occupational titles used to describe this broad cat-
middle 50 percent earned between $45,560 and $89,860. The lowegory of workers evolve rapidly, reflecting new areas of specializa-
est 10 percent had earnings of less than $36,000, while the top 1@on or changes in technology, as well as the preferences and prac-
percent earned over $123,810. The average salary for actuarieices of employers.
employed by the Federal government was $72,800 in early 1999. Systems analyss®lve computer problems and enable computer
According to the National Association of Colleges and Employers, technology to meet individual needs of an organization. They help
annual starting salaries for bachelor’'s degree graduates in mathan organization realize the maximum benefit from its investment in
ematics/actuarial science averaged about $37,300 in 1999. equipment, personnel, and business processes. This process ma
Insurance companies and consulting firms give merit increases tdnclude planning and developing new computer systems or devis-
actuaries as they gain experience and pass examinations. Some coiing ways to apply existing systems’ resources to additional opera-
panies also offer cash bonuses for each professional designatiotions. Systems analysts may design new systems, including both
achieved. A 1998 salary survey of insurance and financial serviceshardware and software, or add a new software application to har-
companies, conducted by the Life Office Management Association,ness more of the computer’s power. Most systems analysts work
Inc., indicated that the average base salary for an entry-level actuwith a specific type of system that varies with the type of organiza-
ary with the largest U. S. companies was about $41 A68ociate tion they work for—for example, business, accounting or financial
Actuaries with the largest U. S. companies, who direct and providesystems, or scientific and engineering systems. Systems develop-
leadership in the design, pricing, and implementation of insurancement workers are also referred to asyatems develop@ndsys-
products, received an average salary of $88,000. Actuaries at théems architect
highest technical level without managerial responsibilities in the same  Analysts begin an assignment by discussing the systems prob-
size companies earned an average of $101,600. lem with managers and users to determine its exact nature. They
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define the goals of the system and divide the solutions into individualprogramming skills, but they are more concerned with analyzing
steps and separate procedures. Analysts use techniques such as strand solving programming problems than with writing code for pro-
tured analysis, data modeling, information engineering, mathematicagrams. Someoftware engineers develop both packaged and sys-
model building, sampling, and cost accounting to plan the system. Theyems software or create customized software applications for clients.
specify the inputs to be accessed by the system, design the processing The title computer scientistan be applied to a wide range of
steps, and format the output to meet the users’ needs. They also mapmputer professionals who usually design computers and the soft-
prepare cost-benefit and return-on-investment analyses to help managerare that runs them, develop information technologies, and develop
ment decide whether implementing the proposed system will be finan-and adapt principles for applying computers to new uses. Com-
cially feasible. puter scientists perform many of the same duties as other computer
When a system is accepted, analysts determine what computeprofessionals, but their jobs are distinguished by the higher level of
hardware and software will be needed to set it up. They coordinateheoretical expertise and innovation they apply to complex prob-
tests and observe initial use of the system to ensure it performs alems and the creation or application of new technology.
planned. They prepare specifications, work diagrams, and struc- Computer scientists can work as theorists, researchers, or inven-
ture charts for computer programmers to follow and then work with tors. Those employed by academic institutions work in areas rang-
them to “debug,” or eliminate errors from the systeAnalysts, ing from complexity theory, to hardware, to programming language
who do more in-depth testing of products, may be referred to asdesign. Some work on multi-disciplinary projects, such as devel-
software quality assurance analystin addition to running tests, oping and advancing uses of virtual reality in robotics. Their coun-
these individuals diagnose problems, recommend solutions, anderparts in private industry work in areas such as applying theory,
determine if program requirements have been met. developing specialized languages or information technologies, or
In some organizationprogrammer-analystdesign and update  designing programming tools, knowledge-based systems, or even
the software that runs a computer. Because they are responsible famomputer games.
both programming and systems analysis, these workers must be pro- Database administratorasork with database management sys-
ficient in both areas. (A separate statement on computer programtems software and determine ways to organize and store data. They
mers appears elsewhere in thandbook) As this becomes more  set up computer databases and test and coordinate changes to them.
commonplace, these analysts increasingly work with object-orientedSince they also may design implementation and system security,
programming languages, as well as client/server applications de-database administrators often plan and coordinate security measures.
velopment, and multimedia and Internet technology. Computer support specialisggovide technical assistance, sup-
One obstacle associated with expanding computer use is the neeggort, and advice to customers and users. This group indiecles
for different computer systems to communicate with each other.nical support specialisthelp-desk techniciansndcustomer ser-
Because of the importance of maintaining up-to-date information—vice representativesThese troubleshooters interpret problems and
accounting records, sales figures, or budget projections, for ex-provide technical support for hardware, software, and systems. They
ample—systems analysts work on making the computer systemsnswer phone calls, use automated diagnostic programs, and resolve
within an organization compatible so that information can be shared.recurrent problems. Support specialists may work within an orga-
Many systems analysts are involved with “networking,” connect- nization or directly for a computer or software vendor. Increas-
ing all the computers internally—in an individual office, depart- ingly, these technical professionals work for help-desk or support
ment, or establishment—or externally, since many organizations nowservices firms, where they provide customer support on a contract
rely on e-mail or the World Wide Web. A primary goal of network- basis to clients as more of this type of work is outsourced.
ing is to allow users to retrieve data and information from a main-  Other computer scientists include workers who are involved in
frame computer or a server and use it on their machine. Analystsaanalysis, application, or design of a particular system or piece of the
must design the hardware and software to allow free exchange obystem.Networkorcomputer systems administratpfer example,
data, custom applications, and the computer power to process it alldesign, install, and support an organization’s LAN, WAN, network
Networks come in many variations ametwork systems and data  segment, Internet or Intranet system. They maintain network hard-
communications analystesign, test, and evaluate systems such asware and software, analyze problems, and monitor the network to
Local Area Networks (LAN), Wide Area Networks (WAN), Internet, ensure availability to system users. Administrators also may plan,
Intranet, and other data communications systems. These analystsoordinate, and implement network security measures. In some or-
perform network modeling, analysis and planning; they may also ganizationscomputer security specialistsay plan, coordinate, and
research related products and make necessary hardware and softnplement the organization’s information security. These and other
ware recommendationsTelecommunications specialigtseus on
the interaction between computer and communications equipment,_ ™ h
Computer engineeralso work with the hardware and software —
aspects of systems design and development. They usually appl .
the theories and principles of science and mathematics to desig
hardware, software, networks, and processes and to solve technic
problems. Whereas their work emphasizes the application of theory;
computer engineers are also involved in building prototypes. They
often work as part of a team that designs new computing devices or
computer-related equipment, systems, or softw@memputer hard-
ware engineersisually design, develop, test, and supervise the
manufacture of computer hardware—such as chips or device con-
trollers. Software engineer®n the other hand, can be involved in
the design and development of software systems for control and
automation of manufacturing, business, and management processes.
They may research, design, and test operating system software, com-
pilers—software that converts programs for faster processing—and ¥ &
network distribution software. Software engineersaftware devel-
opersworking in applications development analyze users’ needs an
design, create, and modify general computer applications software o£omputer support specialists answer phone calls, use automated
specialized utility programs. These professionals also possess strondjagnostic programs, and resolve problems.
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growing specialty occupations reflect the increasing emphasis oncompanies to bring in people with the exact skills they need to com-
client-server applications, the growth of the Internet, the expansionplete a particular project, rather than having to spend time or money
of World Wide Web applications and Intranets, and the demand fortraining or retraining existing workers. Often, experienced consult-
more end-user support. In addition, growth of the Internet andants then train a company'’s in-house staff as a project develops.
expansion of the World Wide Web, the graphical portion of the

Internet, have generated a variety of occupations relating to designTraining, Other Qualifications, and Advancement

development, and maintenance of websites and their servers. FdDue to the wide range of skills required, there are many ways work-
examplewebmasterare responsible for all technical aspects of a ers enter computer-related occupations. Someone staffing a help-
website, including performance issues such as speed of accesslesk, for example, needs skills and training that differ from those of

and for approving site conteninternetor web developersalso a computer engineer designing chips or a Webmaster responsible
calledweb designersare responsible for day-to-day site design for creating and maintaining a web page. While there is no univer-
and creation. sally accepted way to prepare for a job as a computer professional,

most employers place a premium on some formal college educa-
tion. A bachelor’s degree is a prerequisite for many jobs; however,
;some jobs may require only a 2-year degree. Relevant work experi-
ence also is very important. For more complex jobs, persons with
graduate degrees are preferred.

Working Conditions
Computer systems analysts, engineers and other computer scie
tists normally work in offices or laboratories in comfortable sur-

roundings. They usually work about 40 hours a week—the same a p hard ! I d a bachelor's d
many other professional or office workers. However, evening or . “OMputer hardware engineers usually need a bachelor's degree

weekend work may be necessary to meet deadlines or solve specifi@ computer engineering or electrical engineering, whereas software

problems. Given the technology available today, telecommuting isEngineers are more likely to hold a degree i_n computer science or in
common for computer professionals. As networks expand, moreSoftware engineering. Computer engineering programs emphasize

work, including technical support, can be done from remote loca- "ardware and may be offered as a degree option or in conjunction

tions using modems, laptops, electronic mail, and the Internet. FotVith €lectrical and electronics engineering. As a result, graduates
example, it is possible for technical personnel, such as (:omputerOf a computer engineering program from a school or college of en-

support specialists, to connect to a customer’s computer remotel)gineering often find j_ObS designing and developing computer har_d-
to identify and fix p,roblems ware or related equipment, even though they also have the skills

Like other workers who spend long periods of time in front of a féduired for developing systems or software. For computer sci-

computer terminal typing on a keyboard, they are susceptible to ey@nce, however, there is more variation in where the department falls

strain, back discomfort, and hand and wrist problems such as carpz%{"t;th'nl an 'nStmt'onh Some mtc'):ly be hpart olfl a schofol or colllege of
tunnel syndrome or cumulative trauma disorder. Iberal arts while others may be within colleges of natural or ap-

plied sciences. Unless the program is part of the engineering de-
partment, the focus is on software, and graduates may work in areas
Employment of software engineering. A Ph.D., or at least a master’s degree, in

Computer systems analysts, engineers, and scientists held about 1éamputer science or engineering is usually required for jobs in re-

million jobs in 1998, including about 114,000 who were self-em- search laboratories or academic institutions.

ployed. Their employment was distributed among the following  For systems analyst, programmer-analyst, or even database ad-

detailed occupations: ministrator positions, many employers seek applicants who have a
bachelor’s degree in computer science, information science, or man-
COMPUtEr SYStEMS ANAIYSES .........c.oervreriroeirierieeieeeiesesesisesienieneas 617,0089ement information systems (MIS). Management information sys-
Computer support specialists ...... oo 429, 000ems programs are usually part of the business school or college.
COMPULET BNGINEETS ...veuveeieeieeeiesieeesiesieieeeseeneeeeseeseeseaseeseeneanes 299,000 hese programs differ considerably from computer science pro-
Database adminiStrators ............ccoeverererernieneieneneseneenes ... 87,00@rams, emphasizing business and management oriented coursework

All other computer SCIENTISES .........ccoviiviiiiiiiieeieee e 97,000and business computing courses.
Despite the preference towards technical degrees, persons with

Although they are increasingly employed in every sector of the degrees in a variety of majors find employment in computer-related
economy, the greatest concentration of these workers is in the comeccupations. The level of education and type of training employers
puter and data processing services industry. Firms in this industryrequire depend on employers’ needs. One factor affecting these
provide nearly every service related to commercial computer useneeds is changes in technology. As demonstrated by the current
on a contract basis. Services include customized computer prodemand for workers with skills related to the Internet or World Wide
gramming services and applications and systems software design\eb, employers often scramble to find workers capable of imple-
the design, development, and production of prepackaged computementing “hot” new technologies. Another factor driving employ-
software; systems integration, networking, and reengineering serers’ needs is the time frame in which a project must be completed.
vices; data processing and preparation services; information retrieval Most community colleges and many independent technical insti-
services including on-line databases and Internet services; on-sitéutes and proprietary schools offer an associate degree in computer
computer facilities management; the development and managemergcience or a related information technology field. Many of these pro-
of databases; and a variety of specialized consulting services. Mangrams may be more geared toward meeting the needs of local busi-
work in other areas, such as for government agencies, manufactumesses and more occupation specific than those designed for a 4-yea
ers of computer and related electronic equipment, insurance comeegree. Some jobs may be better suited to the level of training these
panies, financial institutions, and universities. programs offer. Computer support specialists, for example, usually

A growing number of computer professionals are employed on aneed only an associate’s degree in a computer-related field, as well as
temporary or contract basis—many of whom are self-employed,significant hands on experience with computers.
working independently as contractors or self-employed consultants. Employers usually look for people who have broad knowledge
For example, a company installing a new computer system may needf and experience with computer systems and technologies, strong
the services of several systems analysts just to get the system rumproblem solving and analysis skills, and good interpersonal skills.
ning. Because not all of them would be needed once the system i€ourses in computer programming or systems design offer good
functioning, the company might contract with systems analysts or apreparation for a job in this field. For jobs in a business environ-
temporary help agency or consulting firm. Such jobs may last fromment, employers usually want systems analysts to have business
several months up to 2 years or more. This growing practice enablesnanagement or closely related skills, while a background in the
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physical sciences, applied mathematics, or engineering is preferred faspecialists to use their knowledge and skills in a problem solving ca-
work in scientifically oriented organizations. Art or graphic design pacity will be major factors in the rising demand for computer systems
skills may be desirable for webmasters or web developers. analysts, engineers, and scientists. Moreover, falling prices of com-
Jobseekers can enhance their employment opportunities by parputer hardware and software should continue to induce more busi-
ticipating in internship or co-op programs offered through their nesses to expand computerized operations and integrate new technolo-
schools. Because many people develop advanced computer skillgies. In order to maintain a competitive edge and operate more cost
in one occupation and then transfer those skills into a computereffectively, firms will continue to demand computer professionals who
occupation, a related background in the industry in which the job isare knowledgeable about the latest technologies and able to apply them
located, such as financial services, banking, or accounting, can béo meet the needs of businesses.
important. Others have taken computer programming courses to Increasingly, more sophisticated and complex technology is be-
supplement their study in fields such as accounting, inventory con-ing made available to individual users who can design and imple-
trol, or other business areas. For example, a financial analyst profiment more of their own applications and programs. The result is a
cient in computers might become a systems analyst or computegrowing demand for computer support specialists, help-desk person-
support specialist in financial systems development, while a com-nel, and technical consultants. Likewise, the explosive growth in
puter programmer might move into a systems analyst job. electronic commerce—doing business on the World Wide Web—and
Computer systems analysts, engineers, and scientists must bthe continuing need to build and maintain databases that store critical
able to think logically and have good communication skills. They information on customers, inventory, and projects is fueling demand
often deal with a number of tasks simultaneously; the ability to con-for database administrators current on the latest technology.
centrate and pay close attention to detail is important. Although New growth areas usually arise from the development of new
computer specialists sometimes work independently, they often worktechnologies. The expanding integration of Internet technologies
in teams on large projects. They must be able to communicate efby businesses, for example, has resulted in a rising demand for a
fectively with computer personnel, such as programmers and manvariety of skilled professionals who can develop and support
agers, as well as with users or other staff who may have no techniinternet, Intranet, and web applications. The growth of electronic
cal computer background. commerce means more establishments use the Internet to conduct
Computer engineers and scientists employed in industry maytheir business on line. This translates into a need for information
advance into managerial or project leadership positions. Thoseechnology professionals who can help organizations use technol-
employed in academic institutions can become heads of researcbgy to communicate with employees, clients, and consumers.
departments or published authorities in their field. Systems ana-Explosive growth in these areas is also expected to fuel demand
lysts may be promoted to senior or lead systems analyst. Thoséor specialists knowledgeable about network, data, and communi-
who show leadership ability also can become project managers ocations security.
advance into management positions such as manager of informa- As technology becomes more sophisticated and complex, em-
tion systems or chief information officer. Technical support spe- ployers in all areas demand a higher level of skill and expertise.
cialists may also advance by developing expertise in an area thalndividuals with an advanced degree in computer science, com-
leads to other opportunities. For example, those responsible foputer engineering, or an MBA with a concentration in informa-
network support may advance into network administration or net-tion systems should enjoy very favorable employment prospects.
work security. Computer professionals with work experience and College graduates with a bachelor’s degree in computer science,
considerable expertise in a particular subject area or application magomputer engineering, information science, or management in-
find lucrative opportunities as independent consultants or choosgormation systems should also enjoy favorable prospects for em-
to start their own computer consulting firms. ployment, particularly if they have supplemented their formal
Technological advances come so rapidly in the computer field education with practical experience. Because employers con-
that continuous study is necessary to keep skills up to date. Emtinue to seek computer professionals who can combine strong
ployers, hardware and software vendors, colleges and universitiestechnical skills with good interpersonal and business skills,
and private training institutions offer continuing education. Addi- graduates with non-computer science degrees, who have had
tional training may come from professional development seminarscourses in computer programming, systems analysis, and other
offered by professional computing societies. information technology areas, should also continue to find jobs
Technical or professional certification is a way to demonstrate aas computer professionals. In fact, individuals with the right ex-
level of competency or quality in a particular field. Product ven- perience and training can work in a computer-related occupation
dors or software firms also offer certification and may require pro- regardless of their major or level of formal education.
fessionals who work with their products to be certified. Many are
widely sought and considered industry standards. Voluntary certi-Earnings

fication is also available through other organizations. ProfessionalpMedian annual earnings of computer systems analysts were $52,180
certification may provide a job seeker a competitive advantage. jn 1998. The middle 50 percent earned between $40,570 and $74,180

a year. The lowest 10 percent earned less than $32,470 and the
Job Outlook highest 10 percent earned more than $87,810. Median annual earn-

Computer systems analysts, engineers, and scientists are expecté®dgs in the industries employing the largest numbers of computer

to be the fastest growing occupations through 2008. EmploymentSyStems analysts in 1997 were:

of computing professionals is expected to increase much faster

than average as technology becomes more sophisticated and orgaelephone comMmMUNICALIONS ........c..ooveieieieieieieeeieeeeeeeee e

nizations continue to adopt and integrate these technologiesFederal GOVErNMENt ...

Growth will be driven by very rapid growth in computer and data Computer and data processing services........... s -

processing services, which is projected to be the fastest growing>tate government, except education and hospitals ...

industry in the U.S. economy. In addition, thousands of job open- CONEYES aNd UNIVESIES .ovvvvvvvvvevens

ings will arise annually from the need to replace workers who move

into managerial positions or other occupations or who leave the Median annual earnings of computer engineers were $61,910 in

labor force. 1998. The middle 50 percent earned between $46,240 and $80,500.
The demand for networking to facilitate the sharing of informa- The lowest 10 percent earned less than $37,150 and the highest 10

tion, the expansion of client/server environments, and the need folpercent earned more than $92,850. Median annual earnings in the
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industries employing the largest numbers of computer engineers irplanners, engineers, mathematicians, statisticians, operations researcl

1997 were: analysts, management analysts, and actuaries.

Comput_er and office equipmen_t ........................................... $63,700 Sources of Additional I1nformation
mZﬁzggﬂger?tngnﬁogtﬂg“'cn?e?;\igf """"""""""""" 23’888 Further information about computer careers is available from:
Computer and data processing SEerviCes.........ccccoeuvviiiuuvvvnnnnes 56,700 \D(orléssgml%ttl)%%folrn?e?rTeF:I:Jtttmg//MaChg::?rr]yosACM)’ 1515 Broadway, New
Guided missiles, space vehicles, and parts ........cccccccceeeeeennnn. 49,500 ’ : ALLP: FIWWW. org

0 Institute of Electrical and Electronics Engineers—United States of

) . o America, 1828 L Street, NW., Suite 1202, Washington, DC 20036. Internet:
Median annual earnings of computer support specialists were $37,12@tp: //www.ieee.org

in 1998. The middle 50 percent earned between $28,880 and $48,810. |nformation about becoming a Certified Computing Professional
The lowest 10 percent earned less than $22,930 and the highest 1§ available from:

percent earned more than $73,790. Median annual earnings in the Institute for Certification of Computing Professionals (ICCP), 2200 East
industries employing the largest numbers of computer support specialbevon Ave., Suite 268, Des Plaines, IL 60018. Intetrgb://www.iccp.org

ists in 1997 were: Information about becoming a Certified Quality Analyst is avail-
able from:
Management and public relations.............cooeoveeeeereeseerenens 0 Quality Assurance Institute, 7575 Dr. Phillips Blvd., Suite 350, Orlando,

Computer and data processing services...... FL 32819. Internetttp://www.qai.org

Computer and office equipment...................
Professional and commercial equipment.....
Personnel supply SErVICES ..........cocvriniinnninsns ]
_ _ N Computer Programmers

Median annual earnings of database administrators were $47,980 in
1998. The middle 50 percent earned between $36,440 and $69,92Q0*NET 25105)
The lowest 10 percent earned less than $28,320 and the highest 10

percent earned more than _$86,200. Median annual earni_ngs of dgtabqse Significant Points
administrators employed in computer and data processing services in . . .
1997 were $49.000. ® The level of education and experience required by

Median annual earnings of all other computer scientists were employers has been rising, due to the increasing
$46,670 in 1998. The middle 50 percent earned between $34,290 complexity of programming.
and $70,250. The lowest 10 percent earned less than $26,690 angl A growing number of computer programmers are
the highest 10 percent earned more than $87,730. Median annual employed on a temporary or contract basis
earnings of all other computer scientists employed in computer and '
data processing services were $46,500 and in personnel supply sef- Job prospects should be best for college graduates who
vices, $33,600 in 1997. are up to date with the latest skills and technologies.
Starting salaries for computer scientists or computer engineers
with a bachelor’s degree can be significantly higher than starting \j4ture of the Work

salaries of bachelor’s degree graduates in many other fields. AC'Computer programmers write, test, and maintain the detailed in-
cording to the National Association of Colleges and Employers, start-gi,ctions, called programs or software, that computers must follow
Ing _salary offers for graduates with a b_achelor’s degree_ In compute&o perforrr’1 their functions. They also,conceive, design, and test
engineering averaged about $45,700 in 1999; those with a maste,r fbgical structures for solving problems by computer. Many techni-
Scal innovations in programming—advanced computing technolo-

&ies and sophisticated new languages and programming tools—have

programming, about $40,800; in information sciences, about o jefined the role of a programmer and elevated much of the pro-
$38,900; and in management information systems, $41,800 in lggggramming work done today. As a result, it is becoming more diffi-

Offers for those with the bachelor’s degree vary by functional area. ; 1 distinguish different computer specialists—including pro-

for all types of employers, as shown in the following tabulation. 5 mmers_—since job titles shift so rapidly, reflecting new areas of

) specialization or changes in technology. Job titles and descriptions
Hardware design and development $45,90Q1s0 may vary, depending on the organization. In this occupational
ﬁ\?;ma;go%e:g?ei?s development o 'gg tatement, computer programmer refers to individuals whose main
S ySIems ......... S ; b function is programming; this group has a wide range of re-

ystems analysis and deSIgN ........cccooviiiiiiiiiee e 41,1 i .
sponsibilities and educational backgrounds.

Computer programs tell the computer what to do, such as which
ormation to identify and access, how to process it, and what equip-

Offers for graduates with a master’s degree in computer sciencqnf

in 1999 averaged $51,400. ment to use. Programs vary widely depending upon the type of

According to Robert Half International, starting salaries in 1999 . . :
! - information to be accessed or generated. For example, the instruc-
E;anggg(; rtom$§g18,ggc; to $§[8’0(|)(0 fgr (;Ia_ta;batse admén]!stratgrzs% forgg}ions involved in updating financial records are very different from
’ 0 y or network administrators, and from ’ those required to duplicate conditions on board an aircraft for pilots

to $46,000 for help-desk support staff. Starting salaries in softwar_etraining in a flight simulator. Although simple programs can be

development ranged from $55,000 to $80,000 for software engi- . : -

! ! : written in a few hours, programs that use complex mathematical
neers and from $50,000 to $65,000 for software installer/develop- ormulas. whose solutioﬁs gan only be approxin?ated or that draw
ers. Salaries for Internet-related occupations ranged from $50,00 ata fronlw many existing systems, may require more t’han a year of

to $73,800 for security administrators, $51,500 to $73,000 for
! ! ’ X work. In most cases, several programmers work together as a team
webmasters, and from $47,000 to $65,500 for web developers. under a senior programmer’s supervision.

Programmers write specific programs by breaking down each
Related Occupations step into a logical series of instructions the computer can follow.
Other workers who use research, logic, and creativity to solve busi-They then code these instructions in a conventional programming
ness problems are computer programmers, financial analysts, urbatanguage, such as COBOL,; an artificial intelligence language, such as



